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ABSTRACT
The 6 cm and 20 cm radio continuum properties of all 85 galaxies with reported 22GHz H2O maser emission and
luminosity distance D>0.5Mpc are studied. For the total of 55 targets for which both 6 cm and 20 cm measurements
exist and for the subsample of 42 sources with masers related to active galactic nuclei (AGN), a spectral index could
be determined from an assumed power-law dependence. The mean value of the resulting spectral index is in both cases
0.66± 0.07 (S∝ν−α; S: flux density, ν: frequency). Comparing radio properties of the maser galaxies with a sample of
Seyferts without detected H2O maser, we find that (1) the spectral indices agree within the error limits, and (2) maser
host galaxies have higher nuclear radio continuum luminosities, exceeding those of the comparison sample by factors
of order 5. Only considering the subsample of galaxies with masers associated with AGN, there seems to be a trend
toward rising maser luminosity with nuclear radio luminosity (both at 6 cm and 20 cm). However, when accounting for
the Malmquist effect, the correlation weakens to a level, which is barely significant. Overall, the study indicates that
nuclear radio luminosity is a suitable indicator to guide future AGN maser searches and to enhance detection rates,
which are otherwise quite low (<10%).
Key words. Masers – galaxies: active – galaxies: nuclei – radio lines: galaxies – radio continuum: galaxies
1. Introduction
Since the first detection of an extragalactic H2O maser to-
wards M33 (Churchwell et al. 1977), 22GHz (λ=1.3 cm)
H2O maser surveys have covered ∼3000 galaxies, with re-
ported detections from 85 objects (e.g., Zhang et al. 2006;
Braatz & Gugliucci 2008; Greenhill et al. 2008; Darling et
al. 2008). With respect to their physical origin, these maser
sources can be subdivided into two classes: (1) those associ-
ated with star-forming regions (hereafter SF-masers), which
are similar to the stronger sources in the Galaxy, and (2)
those associated with active galactic nuclei (hereafter AGN-
masers). The majority of the extragalactic H2O masers are
believed to belong to the latter class, mainly because among
the small number of interferometrically studied sources, all
of the masers with isotropic luminosities >10L⊙ are found
to be associated with AGN. With their exceptional lumi-
nosities, far surpassing those of any galactic maser, these
molecular lighthouses are termed “megamasers”. Among
AGN maser sources, a large portion (∼40%) has been iden-
tified as disk maser candidates (Kondratko et al. 2006;
Zhang et al. 2010). Their maser spots are located within the
central few pc, forming parts of a molecular accretion disk
around the nuclear engine. In addition to “systemic” fea-
tures, “high velocity” components are also found, represent-
ing the approaching and receding edges of the disks, which
are viewed approximately edge-on. Systematic studies of
such disk masers have become a promising tool for address-
ing a wide variety of astrophysical problems, using both
high resolution VLBI (Very Long Baseline Interferometry)
Send offprint requests to: J.S. Zhang, jszhang@gzhu.edu.cn
imaging and spectral line monitoring of maser spots (Braatz
et al. 2009).
Observations show that H2O megamasers are mostly
associated with the nuclear regions of Seyfert 2 and
LINER (low ionizing nuclear emission regions) galaxies,
which are commonly heavily obscured (gas column den-
sity NH>10
23cm−2) (Braatz et al. 1997; Zhang et al. 2006;
Greenhill et al. 2008). AGN are considered to be the ul-
timate energy source of H2O megamasers (e.g., Lo 2005),
so we may expect some kind of correlation between maser
power and the nuclear radio luminosity (for its definition,
see Sect. 2.1). On the one hand, the nuclear radio contin-
uum luminosity has been established as a useful isotropic
luminosity indicator of AGN power (Giuricin et al. 1990,
Diamond-Stanic et al. 2009). On the other, H2O line emis-
sion may be produced by amplifying the nuclear radio emis-
sion, which can provide “seed” photons for masers located
on the front side of the nucleus or an associated nuclear jet
(Braatz et al. 1997; Henkel et al. 1998).
In this paper, we compile radio measurements from the
literature for the entire sample of reported H2O maser host
galaxies with luminosity distances D > 0.5Mpc in order to
investigate their radio properties and probe possible cor-
relations between H2O megamasers and the nuclear radio
emission. The maser sample, as well as an unbiased com-
parison sample with no detected 22GHz H2O emission but
good upper limits, is presented in section 2. In section 3,
we analyze their radio properties. Their properties are com-
pared, emphasizing 6 cm and 20 cm nuclear radio flux dis-
tributions and spectral indices. Furthermore, correlations
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between maser emission and nuclear radio power are ex-
plored. These results are summarized in section 4.
2. Samples and data
2.1. The H2O maser sample
All 85 galaxies with luminosity distances D > 0.5Mpc
and reported H2O maser emission are presented in Table 2.
They include 66 AGN-masers, ten SF-masers (isotropic lu-
minosity LH2O < 10L⊙, known as “kilomasers”), and ad-
ditional low-luminosity sources, which are still awaiting in-
terferometric observations to identify their nature (for de-
tails of their classification and activity types, see Zhang
et al. 2010). For radio continuum measurements of this
maser galaxy sample, we have used the NASA Extragalactic
Database (NED; http://nedwww.ipac.caltech.edu), the
NVSS (NRAO VLA Sky Survey), and FIRST (Faint Images
of the Radio Sky at Twenty-centimeters) catalogs. Since
H2O maser galaxies are mostly Seyfert 2s or LINERs, their
radio continuum tends to be weak and is dominated by
the circumnuclear region (Braatz et al. 1997). Most sources
have been measured at 6 cm and 20 cm, while just a few
sources have been observed at other wavelengths. Therefore
we have collected the 6 cm and 20 cm data and use them as
nuclear radio output.
The nuclear radio properties of maser host galaxies were
already studied by Braatz et al. (1997). There were only 16
maser sources known at that time and just nine sources with
available radio continuum data, inhibiting any detailed sta-
tistical analysis. Therefore, the current maser sample pro-
vides a drastic improvement. In Braatz et al. (1997), 6 cm
VLA data measured in the A and B configurations were
taken to ensure that only the small-scale flux was consid-
ered. For our current larger sample, there are no VLA obser-
vations for some sources and many sources were observed by
different telescopes with different beam size. When multiple
data were available, measurements were selected according
to the following criteria (1) Observations with smaller beam
sizes are preferred, in order to isolate the nuclear from the
large scale emission of the host galaxy (Diamond-Stanic et
al. 2009). This might cause missing flux when selecting in-
terferometric data. However, the best VLA resolution at
6 cm is ∼0.4 arcsec, which corresponds to a linear size of
∼20pc for a source at distance 10Mpc. This size and the
corresponding highest VLA resolution at 20 cm, ∼2 arcsec,
is much larger than that of the maser spots observed on sub-
pc scales (e.g., Miyoshi et al. 1995, Reid et al. 2009) and
that of potentially associated nuclear continuum sources.
(2) Both 6 cm and 20 cm data should have similar beam
size. The most stringent requirement would be that data
for a given source were obtained from high resolution VLA
observations. Six centimeter data from the B configuration
and 20 cm data from the A configuration would be optimal.
Overall, we got 6 cm data for 57 sources and 20 cm data
for 79 sources. There are 55 sources with 6 cm and 20 cm
data, including 41 sources with both flux densities from the
same telescope. For those 41 sources, 27 have been mea-
sured with the VLA at both frequencies. Among these, 11
belong to the ideal case, with A-array 20 cm and B-array
6 cm data. For those sources with 6 cm and 20 cm data from
different telescopes, the 20 cm data were taken from the
VLA-D array and the 6 cm data from the Green Bank 91m
(7), the Parkes 64m (6), or the MERLIN array (1). All data
with the corresponding telescopes and, if necessary, the con-
figuration, are presented in Table 2. Below, these data are
used determine the nuclear radio fluxes and corresponding
luminosities.
2.2. The nonmaser sample
As mentioned before, the detection rate of extragalactic
H2O masers is rather low (commonly <10%, e.g., Henkel
et al. 2005), and it is reasonable to ask whether H2O
maser galaxies have “special” intrinsic properties, relative
to apparently similar galaxies without detected maser emis-
sion. Diamond-Stanic et al. (2009) have compiled a com-
plete sample of 89 nearby Seyfert galaxies, drawn from
the unbiased revised Shapley-Ames catalog (with a lim-
iting magnitude of BT < 13mag) (Maiolino & Rieke
1995; Ho, Filippenko & Sargent 1997). This sample is
unique in that it covers mostly Seyfert 2s (like our H2O
maser sample), that it is complete, that the galaxies are
rather nearby, and that sensitive H2O measurements have
been obtained toward all these targets. The distance of
all those sources is less than 200Mpc, which is compa-
rable to that of our H2O maser galaxies (except for the
two quasar sources, SDSS J0804+3607 with z∼0.66 and
MG J0414+0534 with z∼2.64, detected by Barvainis &
Antonucci 2005 and Impellizzeri et al. 2008, respectively).
There are 19 maser and 70 nonmaser sources in the
Seyfert comparison sample, the latter providing a useful
comparison. This nonmaser sample (its sources have been
targeted in H2O maser surveys, but have not been de-
tected) includes 16 Seyfert 1s (type 1-1.5) and 54 Seyfert
2s (type 1.8-2.0), which is similar to our maser-host Seyfert
sample (most Seyfert 2s, just five Seyfert 1s (type 1-
1.5), NGC2782, UGC 5101, NGC235A, NGC4051 and
NGC4151). Upper limits to their maser luminosity were
estimated from the RMS value (taken from the Hubble
Constant Maser Experiment (HoME1) and the Megamaser
Cosmology Project (MCP2), assuming a characteristic
linewidth of a spectral feature of 20 km s−1 and a 5σ de-
tection threshold (e.g., Bennert et al. 2009).
The 6 cm and 20 cm radio flux densities are collected
from the literature. There are 61 sources with 6 cm data
and 32 sources with 20 cm data. For complementary 20 cm
data, the NVSS and FIRST catalogs were also used, and we
found additional 20 cm data for 17 sources and upper limits
for 12 sources (with relatively low angular resolution). The
nonmaser sample and corresponding data are presented in
Table 3.
3. Analysis and discussion
3.1. Radio properties of H2O maser galaxies
For our H2O maser galaxies with available data, the dis-
tributions of nuclear radio luminosities at 6 cm and 20 cm
are plotted in Figure 1. The upper panel shows the his-
togram of 6 cm luminosities for both the entire sample of
57 sources and the subsample of 43 AGN-masers. For the
entire sample, the distribution of logL6 cm peaks around
29 (here and throughout the article, L6 cm and L20 cm are
1 https://www.cfa.harvard.edu/∼lincoln/demo/HoME
2 https://safe.nrao.edu/wiki/bin/view/Main
/MegamaserCosmologyProject webpages
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Fig. 1. The luminosity distributions of the 6 cm (logL6 cm,
upper panel) and 20 cm (logL20 cm, lower panel) contin-
uum emission in units of erg s−1Hz−1 for the entire maser
sample, the AGN-maser subsample (shaded regions), the
star formation (SF-) maser subsample (diagonal lines), and
masers of unknown type (white).
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Fig. 2. Number distribution of the radio spectral index be-
tween 6 cm and 20 cm. The shaded region of the histogram
represents the subsample of AGN masers. The area with di-
agonal lines denotes SF-masers, while the remaining masers
are of unknown type.
given in units of erg s−1Hz−1) and the mean value is
28.8±0.2 (Throughout the paper, given errors are the stan-
dard deviation of the mean.) The mean values are 29.0±0.2,
27.2±0.4, and 28.5±0.3 for AGN-masers, SF-masers, and
masers without known type, respectively. The distribution
of the 20 cm luminosity is presented in the lower panel,
also for all of the 79 sources and for the subsample of 56
AGN-masers, respectively. The mean value of logL20 cm is
29.1±0.2 for the entire sample and the mean values are
29.3±0.2, 27.4±0.5, and 28.9±0.2 for AGN-masers, SF-
masers, and masers without known type, respectively. The
subsample of AGN-disk-maser galaxies (29 sources; not
shown separately, but see section 3.3) shows nuclear ra-
dio luminosities consistent with those of the entire AGN-
sample. Comparing the subsamples of AGN-masers and SF-
masers, a striking difference can be found between their lu-
minosities at both 6 cm and 20 cm, i.e., AGN-masers are
detected toward galaxies with higher nuclear radio lumi-
nosities. This important point is discussed further in section
3.3.
To study the radio properties of our H2O maser galax-
ies, radio spectral indices were derived for those sources
for which 6 cm and 20 cm flux densities were measured.
Assuming a power-law dependence for the continuum flux
density given by S ∝ ν−α, the spectral index can be calcu-
lated by
α = log(S6 cm/S20 cm)/ log(6/20).
The spectral index (α) is obtained for 55 sources includ-
ing 42 targets hosting AGN-masers, six objects exhibiting
SF-masers, and seven sources with unknown maser type
(see the second last column of Table 2). Figure 2 plots the
distribution of the spectral index for those 55 maser sources
and the subsamples of AGN- and SF-masers. The spectral
index for the majority of sources lies in the 0.5−1.0 bin,
with a mean value of 0.66 ± 0.07. Since H2O maser emis-
sion is mostly detected in Seyfert 2 systems, it agrees with
the fact that Seyfert 2 galaxies are always steep spectrum
sources. If targets with spectral index α ≥ 0.3 are defined as
steep spectrum sources (Ho & Ulvestad 2001), 80% (44/55)
of our maser sources belong to this category. For the sub-
samples of AGN-masers and SF-masers, the mean spectral
indices are 0.66± 0.07 and 0.61± 0.27, respectively. No sig-
nificant difference between both distributions can be found.
However, in view of the small number of SF-masers, sta-
tistical constraints are not very stringent. In addition, we
note that the spectral index might be overestimated for
those 12 sources with 6 cm data from single-dish telescopes
and 20 cm data from the VLA-D array. Eliminating these
sources, the mean spectral index for the remaining 32 AGN-
maser sources is 0.65± 0.07, while the three remaining SF
sources do not justify a statistical evaluation. For the 11
sources with “optimal” data (9 AGN-masers and 2 targets
of unknown type observed at 6 cm with the VLA-B and at
20 cm with the VLA A-array), the continuum appears to
be flatter with a mean index value of 0.38± 0.12.
3.2. Comparison of radio properties of maser and
nonmaser galaxies
For the entire nonmaser sample (see Sect. 2.2; all targets
are Seyfert galaxies), the mean logL6 cm and logL20 cm lu-
minosities (in units of erg s−1Hz−1) are 27.7 ±0.2 and
28.2±0.2, respectively. For all our maser Seyferts, the mean
values are logL6 cm = 28.8± 0.2 and logL20 cm = 29.1± 0.1,
respectively (see Table 1). The difference in nuclear radio
luminosity between nonmaser and maser Seyferts is obvi-
ous. Considering that extragalactic H2O masers are mostly
found in Seyfert 2s, we can further compare the nuclear ra-
dio luminosities between the nonmaser Seyfert 2 subsample
(36 sources) and our maser Seyfert 2 sources (41 sources).
The mean values of logL6 cm and logL20 cm (again in units
of erg s−1Hz−1) are 27.5±0.2 and 28.0±0.2 for nonmaser
Seyfert 2s and 28.8±0.2 and 29.1±0.2 for maser Seyfert 2s,
respectively. It shows the same trend, i.e., maser Seyfert 2s
have higher nuclear radio luminosities than the nonmaser
Seyfert 2s. The difference seems to amount to slightly more
than an order of magnitude, roughly corresponding to fac-
tors of ∼10–20.
To visualize the difference, we plot 6 cm versus 20 cm
luminosities for both the nonmaser Seyfert sample and our
3
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Fig. 3. Distribution of the 6 cm against the 20 cm luminos-
ity of both the maser (filled symbols) and the nonmaser
Seyfert sample (open symbols). Circles and triangles show
Seyfert 2s and Seyfert 1s, respectively. Units for L6cm and
L20cm are erg s
−1Hz−1
.
maser Seyfert sample (Fig. 3). The trend is apparent. Most
nonmaser sources are distributed in the lower left, while
maser galaxies are mostly located in the central and upper
right regions. However, there is also overlap, and there are a
few maser Seyferts with low nuclear radio luminosities. This
indicates that there is no strict radio continuum luminosity
threshold for individual sources.
So far, we have not yet discussed a potential distance
bias for the samples considered here. If measurements are
very sensitive and signals strong, different distances should
not play a major role with respect to detection rates. If one
is, however, near the limit of sensitivity, typical luminosities
of observed and classified sources should increase with the
distance squared. While the average distances of the maser
and nonmaser Seyfert samples show a similar range (the two
distant quasars detected in H2O by Barvainis & Antonucci
2005 and Impellizzeri et al. 2008 do not belong to any of the
Seyfert samples), we find for the mean values 66.4± 7.5 and
31.5 ± 2.6Mpc, respectively. Therefore, this may introduce
a bias of order (66.4/31.5)2 ∼ 4. Even fully accounting for
this effect, however, a luminosity ratio of order four still
remains between the maser and the nonmaser samples.
In the nonmaser sample, there is just one source with
distance >71Mpc, while there are 20 such sources in our
maser Seyfert sample. Eliminating all sources with dis-
tances >71Mpc, the mean distances of the maser and
nonmaser sample become similar (31.9 ± 3.4Mpc versus
29.9±2.1Mpc). The mean luminosities are then logL6 cm =
28.4± 0.3 and logL20 cm = 28.7± 0.2 for our maser sample
and logL6 cm = 27.7 ± 0.2 and logL20 cm = 27.9 ± 0.2 for
the nonmaser sample (units: erg s−1Hz−1). The difference
in their nuclear radio luminosities is still apparent (ratios
of about 5 and 6 at 6 cm and 20 cm, respectively).
The luminosity ratio between the 16 H2O detected
galaxies (three additional sources show SF-related H2O or
H2O emission of unknown type) and the 70 H2O undetected
sources in the entire Seyfert comparison sample is not af-
fected by the Malmquist bias. Both subsamples have simi-
Table 1. A comparison of nuclear radio luminosities of
maser and nonmaser galaxies (for details, see Sect. 3.2)
Samples subsamples Log L6 cm Log L20 cm
(erg s−1Hz−1)
Maser Seyferts Total 28.8±0.2 29.1±0.1
Seyfert 2 28.8±0.2 29.1±0.2
<71Mpc 28.4±0.3 28.7±0.2
nonmasers Total 27.7±0.2 28.2±0.2
(70 sources) Seyfert 2 27.5±0.2 28.0±0.2
<71Mpc 27.7±0.2 27.9±0.2
Non-Masers (70) Total 27.7±0.2 28.2±0.2
Seyfert 2 27.5±0.2 28.0±0.2
Masers (19) Total 28.2±0.3 28.4±0.2
Seyfert 2 28.2±0.3 28.5±0.2
26 27 28 29 30 31 32 33
0
2
4
6
8
10
12
14
16
18
20
22
 
 
N
um
be
rs
LogL
6cm
26 27 28 29 30 31 32 33
0
3
6
9
12
15
18
21
24
 
 
N
um
be
rs
LogL
20cm
Fig. 4. Distribution of the 6 cm (logL6 cm, upper panel)
and 20 cm luminosities (logL20 cm, lower panel) in units of
erg s−1Hz−1 for the sample of nearby Seyfert galaxies with-
out detected maser emission and its subsample of Seyfert
2s (shaded regions). For comparison, the distributions for
our maser Seyfert 2s are also presented (areas filled with
diagonal lines).
lar mean distances (27.5± 7.7 and 31.5± 2.6Mpc, respec-
tively). The mean nuclear radio luminosity of the 16 sources
comprising the maser subsample (logL6 cm = 28.2 ± 0.3
and logL20 cm = 28.4 ± 0.2) is about two to three times
higher than that of the 70 non-detections. The Seyfert
2 sources among these two subsamples include 15 AGN-
related H2O detections and 54 non-detections with mean
distances of 28.5 ± 7.4Mpc and 29.8 ± 2.3Mpc, respec-
tively. The mean luminosities on an erg s−1Hz−1 scale are
logL6 cm = 28.2±0.3 and logL20 cm = 28.5±0.3 for the first
and logL6 cm = 27.5±0.2 and logL20 cm = 28.0±0.2 for the
second sample. The luminosity ratio is of order four (five
at 6 cm and three at 20 cm). With all this evidence we thus
conclude that a nuclear radio continuum luminosity ratio
greater than unity is real. For a summary, see Table 1.
To visualize this result, 6 cm and 20 cm luminosity dis-
tributions are plotted for the entire nonmaser sample and
its subsample comprised of Seyfert 2s in Figure 4. For com-
parison, the luminosity distributions for our maser Seyfert
2s are also presented. The differences are significant for the
two Seyfert 2 samples and a Kolmogorov-Smirnov (KS) test
shows probabilities of 0.005% at 6 cm and 0.01% at 20 cm
4
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Fig. 5. The distributions of the spectral index between 6 cm
and 20 cm for the nearby Seyfert sample without detected
maser emission and its subsample of Seyfert 2s (shaded
regions). For comparison, the distribution of Seyfert 2s with
maser detections is also presented (areas filled with diagonal
lines).
that both Seyfert 2 samples are drawn from the same parent
population.
Similar to our maser sample, spectral indices were calcu-
lated for those 48 sources of the comparison sample (includ-
ing 16 sources with 20 cm data from the NVSS or FIRST)
with both 6 cm and 20 cm flux density data. The mean val-
ues of the index are 0.84±0.12 and 0.83±0.12 for the entire
sample (48 sources) and for the Seyfert 2 subsample (36
sources). However, as mentioned before, 16 sources have
low-resolution 20 cm data (from NVSS or FIRST) and high-
resolution 6 cm data. This results in overestimated spectral
indices for these sources, even including extremely high
values (e.g., 3.47 for NGC1097 and 2.89 for NGC2992).
After excluding those 16 sources, the mean values become
0.52±0.09 for the entire sample (32 sources) and 0.55±0.10
for the Seyfert 2 subsample (24 sources). Figure 5 plots the
distribution of the spectral index for the nonmaser Seyfert
sample (without including those 16 sources). Compared
with maser host galaxies (dashed lines in Fig. 5), no sig-
nificant difference can be found between the spectral index
distributions. A KS test results in a probability of 79.2%
that maser and nonmaser Seyfert 2 samples are drawn from
the same parent distribution.
3.3. H2O maser power v.s. nuclear radio power
Here we study possible correlations between H2Omaser line
strength and AGN power. For the SF-masers alone we do
not expect a correlation between the nuclear radio emission
and maser power, since these maser spots are found in star-
forming regions well displaced from the nuclei.
Maser luminosities, assuming here and elsewhere
isotropic emission, and nuclear radio continuum fluxes are
given in Table 2. In Fig. 6, these maser luminosities are plot-
ted against 6 cm (upper panel) and 20 cm continuum lumi-
nosities (lower panel). For both panels, a correlation can be
found, i.e., rising maser luminosity with increasing nuclear
radio luminosity. SF-maser sources (LH2O < 10L⊙) tend
to be located in the lower left and AGN-masers (mostly
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Fig. 6. H2O maser luminosities (logarithmic scale, in L⊙)
against the nuclear radio luminosity (logarithmic scale, in
erg s−1Hz−1) of maser host galaxies at 6 cm (upper panel)
and 20 cm (lower panel). Squares, triangles, and circles rep-
resent AGN-masers, star formation-masers, and masers of
unknown type, respectively. Pentacles inside squares indi-
cate potential or confirmed disk-maser sources, which are
presented in boldface in Table 2. The solid lines show linear
fits to the AGN-maser sources.
LH2O > 10L⊙) in the upper right hand corners of Fig. 6,
i.e., AGN-maser galaxies tend to have higher nuclear radio
luminosities relative to SF-masers (see also Sect. 3.2).
For the 6 cm continuum and 1.3 cm AGN-maser line lu-
minosity (upper panel of Fig. 6, 41 sources), a weak corre-
lation is apparent. A linear least-square fit shows logLH2O
= (–7.7±3.1) + (0.3±0.1)logL6cm, with Spearman’s rank
correlation coefficient R = 0.51 and a chance probability P
= 5.1×10−4. For the 20 cm continuum and maser line lu-
minosities (lower panel, 61 sources), our linear fitting gives
logLH2O = (–7.3±2.7)+(0.3±0.1)logL20 cm, with the fitting
parameters R = 0.41 and P = 1.0×10−3. As already men-
tioned, for many sources, the 6 cm and 20 cm data were ob-
tained with different beam sizes (for details, see Table 2).
It is thus necessary to consider this effect on the correla-
tion. For the nine AGN-masers among those 11 sources with
‘ideal’ observational data (i.e., 6 cm data from the VLA-B
and 20 cm data from the VLA-A configuration), the corre-
lation becomes logLH2O=(–8.1±6.0) + (0.3±0.2)log L6 cm,
with the fitting parameters R=0.51 and P=0.16. While
they are too few sources for a reliable fit, the tendency to-
5
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Fig. 7. H2O maser luminosity (logarithmic scale, in L⊙)
versus 20 cm luminosity (logarithmic scale in erg s−1Hz−1)
for AGN-masers (squares). The solid (red) and the dashed
(black) lines show a linear fit without and with considering
the Malmquist effect, respectively. The non-detection sam-
ple is also plotted displaying the upper limits of the maser
luminosity (triangles).
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Fig. 8. Integrated H2O flux densities (logarithmic scale, in
Jy km s−1) versus 6 cm luminosity (logarithmic scale in Jy)
for AGN-masers (squares). The red line shows a very ten-
tative linear fit.
ward higher continuum flux densities associated with more
luminous masers is still apparent.
As a subsample of the AGN maser sources, disk maser
candidates are also shown in Figure 6. These masers orig-
inate in the innermost few parsec, which might suggest a
particularly close connection between their maser emission
and the AGN-power. A correlation seems again to be appar-
ent (R=0.37 and P=0.13), but the small number of disk-
maser sources mean the statistical evidence is still quite
weak.
We have not yet considered the Malmquist bias caused
by different mean distances of galaxies comprising the sam-
ples for the luminosity-luminosity correlations. Thus we re-
analyzed the relation between nuclear radio continuum and
maser luminosities, using the method of partial correlation
coefficients (e.g., Darling & Giovanelli 2002; Kandalyan &
Al-Zyout 2010). Since both luminosities are correlated with
the variable distance, the correlations should be subtracted
when we analyze the correlation between two luminosities.
This type of correlation is known as a partial correlation
coefficient. Figure 7 plots H2O maser luminosity against
the 20 cm nuclear radio luminosity for our AGN-maser sub-
sample, and shows linear fits without and with considering
the Malmquist effect. The correlation becomes weaker after
taking the Malmquist effect into account. The correlation
coefficient changes from ∼0.3 to ∼0.2 and the fitting be-
comes flatter with a slope of ∼0.2 instead of ∼0.3.
For comparison, our non-detection sample with upper
limits to the maser luminosity is also presented in Fig. 7.
The upper limits were obtained from the individual RMS
values of H2O maser data (see details in Sect. 3.2 and Table
3). A few overlaps in maser luminosity can be found, along
with H2O undetected sources located in the lower left hand
region well below the fitting line. This is consistent with
the trend described in Sect. 3.2, i.e., maser activity tends
to weaken with decreasing nuclear radio power.
For the AGN-maser subsample, we also correlated in-
tegrated line and continuum flux densities (for the 6 cm
continuum, see Fig. 8). A linear fit yields log(SH2O×∆V )
= (0.3±0.1)logS6 cm + (2.8±0.3) (41 sources) and
log(SH2O×∆V ) = (0.2±0.1)logS20cm + (3.0±0.2) (56
sources), respectively, with Spearman’s rank coefficients
amounting to R = 0.32 and 0.19 and chance probabilities
of P = 0.03 and 0.16.
There may be a variety of causes for our statistically
marginal correlations between maser and nuclear radio con-
tinuum. In the case of unsaturated H2O maser emission
only a part of the nuclear continuum may be amplified (see,
e.g., the situation in NGC4258, Herrnstein et al. 1998). For
saturated maser emission, no direct correlation with the
background continuum will appear. In addition, the AGN-
maser sample presented here is inhomogeneous. It includes
disk masers and jet masers (masers related to the interac-
tion of nuclear radio jets with ambient molecular clouds or
to the amplification of the jet’s seed photons by suitably
located foreground clouds), and perhaps also additional so
far not yet identified maser types. The absorbing column
densities along the lines of sight also differ. Among 31 AGN-
masers with available data, about 60% are Compton-thick
(Zhang et al. 2010). Moreover, 6 cm or 20 cm measurements
as indicators of intrinsic nuclear power may introduce some
uncertainties. The observed nuclear radio luminosity may
depend on the geometry of the system, such as shielding
by the torus. And large uncertainties may be produced
from isotropically calculated H2O maser luminosities, since
maser beam angles are often poorly constrained and may be
quite small due to source geometry and propagation effects
(Kartje, Ko¨nigl & Elitzur 1999). Lastly, uncertainties in
the nuclear radio luminosity can be introduced from radio
data including measurements with different resolution and
sensitivity. In view of all these uncertainties, the presence
of a correlation would hint at the possibility that a higher
degree of activity may be able to heat up a larger volume
to temperatures suitable for 22GHz H2O maser emission
(Neufeld et al. 1994). More detailed interferometric studies
are therefore required to obtain a larger sample of “ideal”
data for deeper insight.
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4. Summary
In this paper, the entire extragalactic 22GHz H2O maser
sample published so far has been studied, with the notable
exception of the Magellanic Clouds. Radio continuum data
were analyzed to better understand the properties of the
AGN associated with H2O masers. For comparison, a com-
plementary Seyfert sample without detected maser emis-
sion was also compiled. The main results are summarized
in the following.
(1) For the entire H2O Seyfert maser sample, the
mean 6 cm and 20 cm nuclear radio luminosities are
logL6 cm=28.8±0.2 and logL20 cm=29.1±0.2, respectively
(L6 cm, L20 cm in units of erg s
−1Hz−1). For the compar-
ison sample of Seyferts without detected maser emission,
the mean values of logL6 cm and logL20 cm are 27.7±0.2 and
28.2±0.2, respectively. Comparisons of corresponding sub-
samples also show the difference, i.e., H2O maser sources
tend to be more luminous than nonmaser sources. After
considering a potential distance bias, we converged on a
luminosity ratio of order five.
(2) For the H2O maser sample and the sample of
Seyferts devoid of detected H2O emission, spectral indices
were derived from the 6 cm and 20 cm data. There is no
significant difference for the distributions of the spectral
indices between our H2O maser sources and the H2O unde-
tected sources. The mean value of the index is 0.66±0.07 for
our H2O maser sample and 0.52± 0.09 for the comparison
sample.
(3) For the subsample of AGN-masers, a correlation
seems to be present between H2O maser isotropic luminos-
ity and nuclear radio power of the host galaxy. However,
the correlation is significantly affected by the Malmquist
bias so that no definite conclusion can be drawn right now.
(4) Based on the results outlined above, the nuclear
radio luminosity may provide a clear signature of AGN-
masers, possibly providing suitable constraints for future
H2O megamaser surveys.
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Table 2. Radio properties of H2O maser host galaxies
∗
Source Type D S6 Tel./Ref. S20 Tel./Ref. α logLH2O
NGC17 Sy2 79.1 67.5± 2.5 VLA-D/Con98 0.8
NGC23 LINER 60.9 33.0± 5 GB/Bec91 74.3± 2.7 VLA-D/Con98 0.67 2.3
IC 10 1.2 137.0± 14 GB/Gre91 319.0 GB/Whi92 0.70 -0.8
NGC0235A Sy1 86.90 42.6± 1.4 VLA-D/Con98 2.0
NGC253 Sy2,SBG 3 2080.0 Parkes/Wri90 2994.7± 113.5 VLA-D/Con98 0.30 -0.8
NGC262 (Mrk 348) Sy2 62.00 244.0± 3.7 GB/Gre91 292.7± 8.8 VLA-D/Con98 0.08 2.6
IRAS F01063-8034 67 81.0± 7 Parkes/Wri94 2.7
NGC449 (Mrk 1) Sy2 64 28.0± 2 VLA-A/Ulv84a 75.9± 2.3 VLA-D/Con98 0.83 1.7
NGC520 SBG 27 90.0± 14 GB/Bec91 182.0 VLA-D/Con98 0.28 0.3
NGC598(M 33) H II 0.7 3.7± 0.6 VLA-D/Con98 -0.5
NGC591 Sy2 61 7.9 VLA-A/Ulv89 24.5 VLA-A/Ulv89 0.9 1.4
NGC0613 Sy2 17.9 101.0± 13 Parkes/Wri96 179.6 VLA-D/Con98 0.48 1.2
IC 0184 Sy2 70.5 3.3± 0.5 VLA-D/Con98 1.4
NGC1052 Sy2,LINER 17 1000.0 VLA-A/Bra97 1103.0 VLA-A/Coo07 0.08 2.1
NGC1068 Sy2,Sy1 14.5 644.0 VLA-B /Ho01 1630.0 VLA-A/Ho01 0.77 2.2
NGC1106 Sy2 57.8 46.0± 6.9 GB/Gre91 166.0 GB/Whi92 1.07 0.9
Mrk 1066 Sy2 48 35.5 VLA-A/Ulv89 94.3 VLA-A/Ulv89 0.81 1.5
NGC1320 Sy2 35.5 3.3 VLA-D/Gal06 6.5± 0.6 VLA-D/Con98 0.56 1.2
NGC1386 Sy2 17 13.0 VLA-A/Ulv84b 23.0 VLA-A/Ulv84b 0.47 2.1
IRAS 03355+0104 Sy2 159.1 26.5± 1.3 VLA-D/Con98 2.1
IC 342 Sy2 2 277.0± 41.5 GB/Gre91 2475.0 GB/Whi92 1.82 -2.0
MG J0414+0534 QSO1 10836 1119.0± 167 GB/Bec91 2676.0 GB/Whi92 0.72 4.0
UGC3193 59.4 17.7± 0.7 VLA-D/Con98 2.4
UGC3255 Sy2 75 35.8± 1.2 VLA-D/Con98 1.2
Mrk 3 Sy2 54 361.0± 30 VLA-A/Wil80 1100.9± 33 VLA-D/Con98 0.93 1.0
NGC2146 H II 14.5 1074.5± 40 VLA-D/Con98 0.0
VII ZW 073 Sy2 158.9 12.4± 0.6 VLA-D/Con98 2.2
NGC2273 Sy2 24.5 24.5 VLA-B/Ho01 47.3 VLA-A/Ho01 0.55 0.8
UGC3789 Sy2 44.3 17.6± 1.0 VLA-D/Con98 2.6
Mrk 78 Sy2 150 12.0± 2 VLA-A/Ulv84a 31.0± 3 VLA-A/Ulv84a 0.79 1.5
J0804+3607 QSO2 2640 73.7 VLA-B/Bec95 4.4
He 2-10 SBG 10.5 27.0± 0.11 VLA-B/Zij90 21.1± 1.2 VLA-BnA/Kob99 -0.2 -0.2
2MASX J08362280 Sy2 197.4 2.0 VLA-B/Bec95 3.4
Mrk 1210 Sy2,Sy1 54 56.0± 10 GB/Bec91 114.0 VLA-D/Con02 0.59 1.9
NGC2639 LINER 44 182.0 VLA-B/Ho01 102 VLA-A/Ho01 -0.48 1.4
NGC2782 Sy1,SBG 34 47.0± 7.0 GB/Bec91 252.0 GB/Whi92 1.39 1.1
NGC2824 (Mrk394) Sy? 37 9.3± 0.5 VLA-D/Con98 2.7
SBS 0927+493 LINER 135.6 9.3± 0.5 VLA-D/Con98 2.7
NGC2960 LINER 66 7.1 VLA-D/Con02 2.6
UGC5101 LINER,Sy1.5 157.4 76.0± 11.4 GB/Bec91 158.0 GB/Whi92 0.61 3.2
NGC2979 Sy2 36 15.7± 1.0 VLA-D/Con02 2.1
NGC2989 H II 55.3 18.6± 1.5 VLA-D/Con02 1.6
NGC3034(M 82) SBG 3.7 3957.0± 59 GB/Bec91 8363.0 GB/Whi92 0.62 0.0
NGC3079 Sy2,LINER 15.5 114.0 VLA-B/Ho01 132.0 VLA-A/Ho01 0.12 2.7
Mrk34 Sy2 205 6.1 VLA-A/Ulv84a 16.5 VLA-A/Ulv84a 0.83 2.0
NGC3359 H II 13.5 52.9 VLA-D/Con02 -0.2
IC 2560 Sy2 35 31.0 NVSS 3.0
NGC3393 Sy2 50 52± 11 Parkes/Gri94 81.5± 3.3 VLA-D/Con98 0.37 2.6
NGC3556 H II 12 90.0± 13 GB/Gre91 245.0 GB/Whi92 0.83 0.0
Arp 299 (NGC3690) SBG 42 11.1±0.6 VLA-A/Neff04 41.6±2.1 VLA-A/Neff04 1.1 1.4
NGC3735 Sy2 36 1.24 VLA-B/Ho01 1.61 VLA-A/Ho01 0.22 1.3
Antennae SBG 20 0.9
NGC4051 Sy1.5 10 3.2 VLA-B/Ho01 7.4 VLA-A/Ho01 0.69 0.3
NGC4151 Sy1.5 13.5 129.0 VLA-B/Ho01 324.0 VLA-A/Ho01 0.76 -0.2
NGC4214 SBG 2.94 30.0± 7 GB/Bec91 38.3 VLA-D/Con02 0.2 -1.6
NGC4258 Sy1.9,LINER 7.2 2.2 VLA-B/Ho01 2.7 VLA-A/Ho01 0.19 1.9
NGC4293 LINER 17 1.8 MERLIN/Fil06 18.5 VLA-D/Con02 1.93 0.7
NGC4388 Sy2 34 26.9 VLA-B/Ho01 43.3 VLA-A/Ho01 0.40 1.1
NGC4527 LINER 23.1 151± 22.5 GB/Gre91 187.9 VLA-D/Con02 0.18 0.6
ESO269-G012 Sy2 66 <3.7 ATCA/Oos07 3.0
NGC4922 Sy2,LINER 95 40.1 FIRST 2.3
NGC4945 Sy2 4 2840 Parkes/Wri90 6600 Parkes/Wri90 0.26 1.7
NGC5194 (M51) Sy2 10 1.3 VLA-B/Ho01 3.4 VLA-A/Ho01 0.8 -0.2
NGC5253 SBG 3.33 90± 12 Parkes/Wri96 83.8 VLA-D/Con96 -0.06 -1.7
NGC5256 (Mrk266) Sy2,SBG 112 43.3± 2.2 GB/Bec91 159.0 GB/Gre91 1.08 1.5
NGC5347 Sy2 31 2.2 VLA-A/Ulv89 3.4 VLA-A/Ulv89 0.36 1.5
NGC5495 Sy2 87.9 11.5 NVSS 2.3
Circinus Sy2 4 610.0 Parkes/Wri90 1500.0 Parkes/Wri90 0.75 1.3
NGC5506 (Mrk1376) Sy1.9 25 160.0± 8.0 VLA-A/Ulv84b 315.0 VLA-A/Ulv84b 0.56 1.7
NGC5643 Sy2 16 87.0± 10 Parkes/Wri94 203.0 VLA-D/Con96 0.7 1.4
NGC5728 Sy2 37 4.6 VLA-A/Ulv89 70.0 NVSS 2.26 1.9
UGC09618NED02 LINER 134.6 39.0± 6.0 GB/Bec91 81.6 VLA-D/Con02 0.61 3.2
NGC5793 Sy2 47 508.0 VLA-A/Ban06 1047.0 VLA-A/Ban06 0.6 2.0
NGC6240 Sy2 98 80.0 VLA-A/Bra97 426.0 VLA-D/Con02 1.39 1.6
NGC6264 Sy2 135.7 <0.9 FIRST 3.1
NGC6300 Sy2 15 39.0± 7.0 Parkes/Wri94 0.5
NGC6323 Sy2 104 3.1 VLA-D/Con02 2.7
ESO103-G035 Sy2 53 2.6
IRAS F19370-0131 Sy2 80 11.3 NVSS 2.2
3C403 FR II 235 2026.0± 283 GB/Gre91 5798.0 GB/Whi92 0.9 3.3
NGC6926 Sy2 80 48.0± 11 Parkes/Gri95 117.0 VLA-D/Con02 0.74 2.7
AM2158-380NED02 Sy2 128.8 590.0 Parkes/Wri90 1530.0 Parkes/Wri90 0.79 2.7
TXS 2226-184 LINER 100 32.2± 0.98 VLA-B/Tay02 73.3± 2.2 VLA-B/Tay02 0.68 3.8
NGC7479 Sy2 31.8 3.1 VLA-B/Ho01 4.0 VLA-A/Ho01 0.21 1.3
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Table 2. continued.
Source Type D S6 Tel./Ref. S20 Tel./Ref. α logLH2O
IC 1481 LINER 82 36.2 VLA-D/Con02 2.5
∗ Radio properties for the published extragalactic H2O maser host galaxies with luminosity distance D > 0.5Mpc (Zhang et al. 2010). Ten masers
associated with star-forming regions are presented in italics and 29 disk-maser candidates in boldface.
Column 1: Source; For Arp 299, the emission from NGC3690 was only taken (Neff et al. 2004; Tarchi et al. 2011).
Column 2: Types of nuclear activity from Zhang et al. (2010). SBG: starburst galaxy; Sy1.5, Sy1.9, Sy2: Seyfert type; LINER: low-ionization
nuclear emission line region; ULIRG: ultra luminous infrared galaxy; FR II: Fanaroff-Riley type II radio galaxy; H II: H II galaxies, i.e., dwarf galaxies
undergoing a burst of star formation (i.e., Bordalo et al. 2009);
Column 3: The luminosity distance in Mpc, assuming H0=75 kms
−1 Mpc−1. For the high z objects (SDSS J0804+3607 and J0414+0534), ΩM =
0.270 and Ωvac = 0.730. 78 sources from Bennert et al. (2009), MG J0414+0534 from Impellizzeri et al. (2008), NGC17 and NGC1320 from Greenhill
et al. (2008), He 2-10, the Antennae, NGC4214 and NGC5253 from Darling et al. (2008);
Columns 4 and 6: The 6 cm and 20 cm radio flux densities with uncertainties (if available) in mJy from “Photometry & SEDs” in NED;
Columns 5 and 7: Tel./Ref., used telescopes and corresponding reference for the 6 cm and 20 cm flux density. GB: Green Bank 91m telescope;
VLA-A, -B, -C, -D: Very Large Array and used configuration; Parkes: the Parkes 64-m radio telescope; MERLIN: the multi-element radio-linked
interferometer network; ATCA: Australian telescope compact array; NVSS: NRAO VLA sky survey catalog; FIRST: faint images of the radio sky at
twenty-centimeters catalog. Ban06: Bann & Klo¨ckner (2006); Bec91: Becker et al. (1991); Bec95: Becker et al. (1995); Bra97: Braatz et al. (1997);
Con83: Condon (1983); Con96: Condon et al. (1996); Con98: Condon et al. (1998); Con02: Condon et al. (2002); Coo07: Cooper et al. (2007); Fil06:
Filho et al. (2006); Gal06: Gallimore et al. (2006); Gre91: Gregory & Condon (1991); Gri95: Griffith et al. (1995); Ho01: Ho & Ulvestad (2001); Kob99:
Kobulnicky & Johnson 1999; Neff04: Neff et al. (2004); Oos07: Oosterloo et al. (2007); Tay02: Taylor et al. (2002); Ulv84a: Ulvestad & Wilson (1984a);
Ulv84b: Ulvestad & Wilson (1984b); Ulv89: Ulvestad & Wilson (1989); Whi92: White & Becker (1992); Wil80: Wilson et al. (1980); Wri90: Wright &
Otrupcek (1990); Wri94: Wright et al. (1994); Wri96: Wright et al. (1996); Zij90: Zijlstra et al. (1990);
Column 8: The spectral index between 6 cm and 20 cm, assuming S ∝ ν−α;
Column 9: The apparent luminosity of maser emission (on a logarithmic scale), in units of L⊙, taken from Bennert et al. (2009), Darling et al.
(2008), Greenhill et al. (2008), and Tarchi et al. (2011).
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Table 3. Radio properties of Seyfert galaxies without detected H2O
maser∗
Source Type D S6 S20 Reference α RMS-H2O UL-H2O
NGC777 2 66.5 2.63 3.19 Ho01 0.16 6.9 1.2
NGC788 2 54.1 1.2 2.2 Ulv89 0.50 3 0.6
NGC1058 2 9.2 <0.12 6.9 Ho01, NVSS 20.0 -0.1
NGC1097 1.0 16.5 3.8 249.2 Mor99, NVSS 3.47 15 0.3
NGC1241 2 53.8 6.8 The00 7.4 1.0
NGC1275 1.5 70.1 20700 23200 Ho01 0.09 9.5 1.4
NGC1365 1.8 21.5 0.9 2.5 San95 0.85 2.4 -0.2
NGC1358 2 53.6 7.04 17.9 Ho01 0.78 3 0.6
NGC1433 2 13.3 <3.0 Sad95 15 0.1
NGC1566 1.5 19.4 <6.0 Sad95 12 0.4
NGC1667 2 61.2 1.19 4.08 Ho01 1.02 6.6 1.1
NGC2685 2 16.2 <0.13 <1.0 Ho01, FIRST 19.0 0.4
NGC2655 2 24.4 44.1 101 Ho01 0.69 5.2 0.2
NGC2992 1.9 34.1 7.0 226.2 Sad95, NVSS 2.89 2.3 0.1
NGC3031 1.5 3.6 91.2 79.2 Ho01 -0.12 3.0 -1.7
NGC3081 2 34.2 0.9 2.5 Ulv89 0.85 2.3 0.1
NGC3147 2 40.9 10.1 13.6 Ho01 0.25 6.3 0.7
NGC3185 2 21.3 0.47 3.16 Ho01, FIRST 1.58 3 -0.2
NGC3227 1.5 20.6 25.9 78.2 Ho01 0.92 2.6 -0.2
NGC3254 2 23.6 <0.12 <0.84 Ho01, FIRST 28 0.9
NGC3281 2 44.7 26.7 61.2 Ulv89 0.69 3.3 0.5
NGC3486 2 7.4 <0.12 <0.95 Ho01, FIRST 21 -0.2
NGC3516 1.2 38.9 6.03 29.8 Ho01 1.33 4 0.5
IRAS11215 2 62.4 18 52.1 Sch01, NVSS 0.88 20 1.6
NGC3783 1.2 36.1 13 43.6 Sad95, NVSS 1.01 5 0.5
NGC3941 2 18.9 0.19 <0.97 Ho01, FIRST 22 0.6
NGC3976 2 37.7 0.41 <0.95 Ho01, FIRST 16 1.1
NGC3982 1.9 17.0 1.79 3.56 Ho01 0.57 3.0 -0.4
NGC4138 1.9 17.0 0.78 0.45 Ho01 -0.46 2.4 -0.5
NGC4168 1.9 16.8 5.24 4.37 Ho01 -0.15 15.0 0.3
NGC4235 1.2 35.1 5.61 5.05 Ho01 -0.09 4.2 0.4
NGC4378 2 35.1 0.21 <0.94 Ho01, FIRST 15.0 1.0
NGC4395 1.8 4.6 0.80 1.68 Ho01 0.62 3.8 -1.4
NGC4472 2 16.8 65.2 113 Ho01 0.46 17.0 0.4
NGC4477 2 16.8 0.18 <0.97 Ho01, FIRST 4.2 -0.2
NGC4501 2 16.8 1.14 2.06 Ho01 0.49 3.0 -0.4
NGC4507 2 59.6 10.8 66.1 Bra98, NVSS 1.50 9.8 1.2
NGC4565 1.9 9.7 2.72 2.31 Ho01 -0.14 4.6 -0.7
NGC4579 1.9 16.8 43.1 27.8 Ho01 -0.36 3.0 -0.4
NGC4593 1.0 41.3 1.6 2.1 Ulv84b 0.23 4.3 0.6
NGC4594 1.9 20.0 120 93.4 Sad95, NVSS -0.21 13.0 0.4
IC 3639 2 35.3 20 87.9 Sad95, NVSS 1.23 18.0 1.1
NGC4639 1.0 16.8 0.15 <0.84 Ho01, FIRST 16 0.4
NGC4698 2 16.8 0.23 <1.01 Ho01, FIRST 16 0.4
NGC4725 2 12.4 <0.17 <0.97 Ho01, FIRST 4.1 -0.5
NGC4941 2 16.8 4.3 14.2 Ulv89 0.99 3 -0.4
NGC4939 2 46.6 0.7 2.3 Vil90 0.99 8.3 1.0
NGC5005 2 21.3 2.7 24.6 Vil90 1.84 10 0.4
NGC5033 1.5 18.7 5.68 11.7 Ho01 0.60 4.1 -0.1
NGC5128 2 4.3 6456 Sle94 3 -1.5
NGC5135 2 57.7 58.8 163.2 Ulv89 0.85 3 0.7
NGC5273 1.5 21.3 1.31 2.13 Ho01 0.40 12 0.4
NGC5395 2 46.7 0.19 <0.92 Ho01, FIRST 4.1 0.7
NGC5427 2 40.4 2.5 7.54 Mor99, FIRST 0.92 3 0.4
NGC5631 2 32.7 0.29 0.43 Ho01 0.33 4.1 0.3
NGC5899 2 42.8 4.0 10.35 Dia09, FIRST 0.79 3 0.4
NGC6221 2 19.3 <1.0 Sad95 11 0.3
NGC6814 1.5 25.6 20 49.7 Sad95, NVSS 0.76 5.8 0.3
NGC6951 2 24.1 9.05 25.5 Ho01 0.86 3 -0.1
MRK509 1.2 143.8 1.8 18.6 Nef92, NVSS 1.94 2.7 1.4
NGC7130 2 68.7 38 189.7 Sad95, NVSS 1.34 16 1.6
NGC7172 2 37.6 11.7 36.8 Mor99, NVSS 0.95 6.7 0.7
NGC7213 1.5 24.9 207 Bra98 14 0.6
NGC7314 1.9 20.8 2.7 31.0 Mor99, NVSS 2.03 7.4 0.2
NGC7410 2 24.8 1.4 36.8 Con98, NVSS 2.72 14 0.6
NGC7469 1.2 67.0 21 <0.88 Sad95, FIRST 2.9 0.8
NGC7496 2 23.1 3.8 The00 15 0.6
NGC7582 2 22.0 69 Sad95 10.9 0.4
NGC7590 2 22.0 <0.3 The00 15 0.6
NGC7743 2 24.4 3.03 5.52 Ho01 0.50 3 0.0
∗ Radio properties for the nearby nonmaser Seyfert galaxy sample, including 16 Seyfert 1s (type 1-1.5) and 54 Seyfert 2s (type 1.8-2.0).
Column 1: Source;
Column 2: Seyfert type, optical classification from Maiolino & Rieke (1995) or Ho et al. (1997);
Column 3: Distance in Mpc, taken from Diamond-Stanic et al. (2009);
Column 4: 6 cm radio flux density in mJy;
Column 5: 20 cm radio flux density in mJy;
Column 6: References for Cols. 4&5 (For sources without available 20 cm data in the literature, their 20 cm data are taken from the NVSS or
FIRST catalog.): Ho01: Ho & Ulvestad (2001); Ulv89: Ulvestad & Wilson (1989); Mor99: Morganti et al. (1999); The00: Thean et al. (2000); Sad95:
Sadler et al. (1995); San95: Sandqvist et al. (1995); Sch01: Schmitt et al. (2001); Bra98: Bransford et al. (1998); Ulv84b: Ulvestad & Wilson (1984b);
Vil90: Vila et al. (1990); Sle94: Slee et al. (1984); Dia09: Diamond-Stanic et al. (2009); Nef92: Neff & Hutchings (1992); Con98: Condon et al. (1998);
Column 7: the spectral index between 6 cm and 20 cm, derived from the values in Cols. 4&5, assuming S ∝ ν−α;
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Column 8: RMS values of H2O maser data in units of mJy, which were taken from MCP and HoME webpages. GBT observations are taken
whenever possible and in case of several observations the GBT spectrum with the lowest RMS value was selected;
Column 9: Estimated upper limits of H2O maser luminosity (logLH2O, in units of L⊙) for nonmaser Seyfert galaxies, from the RMS value (Column
8), see details in Section 3.2.
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